In this paper different electrostatic interdigitated comb designs for the new concept of MEMS based DC-AC capacitive power inverter for the solar photovoltaic applications has been compared and tested on the basis of different structures and materials used as a frame for the proposed model. To obtain better the performance and power conversion efficiency of the interdigitated comb drive capacitive DC/AC inverter at very low input voltage some structural parameters of the proposed model has been varied such as increase the number of comb fingers; reduced the gap between the fingers of the interdigitated comb with increase in thickness of the fingers and made uniformly tapered at its edges. As a structural material for the proposed model the polysilicon and indium antimonite has been employed, simulated, compared and tested and in COMSOL Metaphysics 5.0 environment with different comb structure to get better performances for solar photo voltaic application. The proposed MEMS DC/AC power inverter model can easily compete with the commercially available semiconductor inverters once it is implemented with efficient fabrication technology due to its certain merits over semiconductor power inverter in terms of miniaturized size, pure sinusoidal output voltage and current, regulated output frequency, ultra low power consumption, very low cost and off course very small or minimal power loss. 
PUBLIC INTEREST STATEMENT
In this work the simulation of MEMS based DC-AC capacitive power inverter for the solar photovoltaic applications has been proposed. To obtain better the performance and power conversion efficiency of the interdigitated comb drive capacitive DC/ AC inverter at very low input voltage some structural parameters of the proposed model has been varied. The proposed will be an appropriate alternate of semiconductor switch based PV inverter technology.
Introduction
In this paper we have presented very efficient and simple model of MEMS switching technique to get low actuation voltage and large capacitive change, which will be very much suitable for future DC/AC conversion technology. The solar photovoltaic is an emerging and one of the promising renewable energy generation technologies around the globe. Since its installations cost is high, more focus has been on efforts to reduce the cost of its fabrications process and developed efficient electrical technologies that includes DC/AC power inverter blocks. The power inverter being one of the major concerns that included in the cost enhancement in solar PV system. As it is heart of the electrical building block in the system where a cost cutting efforts in this section would be very much cost effective, also the power conversion quality depends upon the strings of cascaded inverter topology. Micro fabrication techniques are very much industry oriented for rotating movement (Bart, Lober, Howe, Lang, & Schlecht, 1988; Fréchette et al., 2001; Nagle & Lang, 1999) . Micro electro mechanical system is one of the best technologies in electric, optic and microwave field. There are wide application of MEMS switch such as biomedical (Receveur, Marxer, Woering, Larik, & de Rooij, 2005) , sensing (Tilmans & Legtenberg, 1994) , and radio frequency (Yao, 2000) , because it consumes less power, and high isolation. Recent several researchers are worked on low actuation voltage of MEMS switch. However reported cantilever connected to extended gate electrode achieved very low actuation voltage without stiffness (Choi, Kam, Lee, Lai, & King, 2007) . Different structures are used for different MEMS based low voltage application. One of the most promising structures is hinge structures. It has several applications like as RF switches (Chakraborty et al., 2011; Choudhury & Maity, 2017; Das, Kundu, Maity, Dhar, & Gupta, 2011; Devi & Maity, 2014; Devi, Maity, Saha, & Metya, 2015; Ghosh, Maity, Kundu, Chatterjee, & Saha, 2012; Har, Yoon, & Hong, 2000; Hore, Maity, Sarma, Yadav, & Choudhury, 2015; Kundu et al., 2012; Mondal et al., 2015; Saha, Maity, Devi, & Bhunia, 2016; Saha, Sarkar, & Maity, 2015) , digital mirrors (Sampsell, 1997) , mechanical logic gates (Jeon et al., 2010) , and variable capacitors (Han, Choi, & Yoon, 2011) . Rotary micro-motor and comb drive are the two components for the modern MEMS technology (Legtenberg, Groeneveld, & Elwenspoek, 1996) . Also recently developed scratch drive stepper motor architecture for actuator can make the displacement of 6 m with large actuation force (Shinjo & Hirano, 1993) . DC/AC power inverter is the most essential component for the photovoltaic power conversion system (El-Katiri, 2014; Ellabban, Abu-Rub, & Blaabjerg, 2014) . Power electronic semiconductor switches such as silicon carbide (SiC), silicon based technology or III-V semiconductor based technologies are commercially available technology for the inverter application. The effective DC/AC conversion in power inverter is depends on several parameters like as, design topology and switching control scheme (Siwakoti, Peng, Blaabjerg, Loh, & Town, 2015) , operating temperature, operating voltage, reliability, frequency regulation, and cost effectiveness (El-hawary, 2014 ). The present switching technology have several problems like as harmonics problem, system complexity, high voltage stress of switches, complex control, distorted waveform and most importantly the issue of power consumption.
Although, the Micro and Nano electromechanical systems (MEMS/NEMS) technology already a well developed and widely used popular technology that employed in various fields as stated above but inclusion in solar photovoltaic system is very new and recent development. As it is shown in Figure 1 where block diagram representing a MEMS power inverter system that has been incorporated in the conventional solar PV system for the efficient operation of the solar PV system.
The MEMS DC/AC capacitive power inverter basically it's a comb drive type electrostatic actuators that commonly used in MEMS applications consists of two interdigitated finger structures where one comb is fixed and other is connected to a compliant suspension. The actuation voltage (Here in this case AC reference voltage has taken) that applied across the driver capacitor or comb structures would cause the displacements of movable capacitors towards the fixed one hence there is a variation in the intersecting area between the movable and fixed fingers that cause in variation in the capacitances as a result attractive electrostatic force would be generated in between them. The movement of the movable finger structure is being controlled by a balance of forces between the electrostatic force that generated and the mechanical resonator or restoring force that consist of a seismic mass mechanically suspended by beam or flexures of the compliant suspension. Apart from electrostatic force, Mechanical forces also play very important role in this comb drive model where this mechanical restoring forces directly depending upon the stiffness of the flexures and its design. Hence by changing these flexure designs, mechanical forces can also changes henceforth flexure compatibility is very much important for the large displacement at low actuation voltage to get maximum output from the capacitive DC/AC power inverter. Furthermore, with this inclusion in solar PV system would definitely improve the power inverters technologies tremendously and bringing it into different direction that's due to its miniaturized size, capability to sustain in a harsh environmental conditions, higher efficiency, and faster response, low production cost and off course lower power consumption. In this paper, we established a theoretical concept, modelling, designing, restructuring and fabricates the structures with different materials and shapes, and subsequently simulate the results of capacitive MEMS DC/AC power inverter with COMSOL 5.0 metaphysics software to observe the mechanical movement and the electrical performances of the proposed model. 
Modelling of proposed MEMS inverter
Capacitance based actuator has modelled and simulated in this paper to show the effectiveness of MEMS technology. MEMS power inverter convert DC signal of solar system to AC usable signal. A small AC signal is applied to MEMS switch section for actuation. Solar cell generated DC voltage is applied to MEMS actuator and produces a convertor capacitance (c1) through driver capacitance (c2), those are isolated through the ground section. Change of the reference AC signal results in change of the converted DC/AC signal and system efficiency. Figure 2 represents schematic representation of proposed MEMS based power inverter for DC/AC conversion application. The common part of any comb-drive actuator structure is interdigited (IDE) configuration, where one comb series is fixed and another is variable (also called suspension). When voltage is applied in IDE voltage differences are occurred and as a result movable part deflected from the fixed structure (and actuation created in the direction of length of the finger of the comb). We have used four fixed with three movable and eight fixed with seven movable fingers for simulation purpose. The design specifications are shown in Table 1 .
Deflection in movable IDE is achieved by applying differential voltage to the comb structure. The resultant electrostatic force decreases the IDE area as overlapping portion is increases. As a result capacitance varies between movable and fixed comb structure.
The resultant capacitance change with the deflection and permittivity is shown in Equation (1) (Ellabban et al., 2014 , Judy & Howe, 1993 .
where, ε o , n, y o, y, h and d are the dielectric constant in air, number of combs, initial comb finger overlap, comb displacement, height of the comb fingers and gap spacing between the comb fingers.
Polysilicon and indium antimonide are used as the base material for the proposed structure. Properties of polysilicon and indium antimonide materials used are given in Table 2. (1) The most well developed thermosetting polymers for structural use in micro systems are SU8 and indium-antimonide they both have excellent thermal and mechanical properties. Indium antimonide being a ductile material and having small elastic modulus which is 50 times smaller than Polysilicon it can tolerate large strains before fracture. For large displacement, low actuation voltage actuators it is a useful material as it is light in weight, highly flexible, excellent thermal stability and resistant to heat and chemicals. Figure 3 shows the step wise development of the proposed MEMS inverter structure.
Result and discussion
Electrostatic transduction mechanism is being followed to perform mechanical movement of this proposed system. As the system has three main parts i.e. actuator (driver), mechanical resonator and converter parts. And actuation signal is provided by an external electrical AC signal of power grid to the driving part so as to drive (by the mechanical movement) the converter part. As per the system design, the upper set of fixed fingers is provided reference (actuating) voltage by a low DC bias voltage with AC perturbation, DC input terminal voltage (solar) is applied on the lower set of fixed comb fingers and connected in series with load. Whereas, the moving fingers with that of moving mass are grounded and all these inputs are given in Table 3 . Achieved different electrical and mechanical parameters for the four sets of variations are shown in Table 4 . Reference applied voltage, displacement, capacitance and force for four combs structure and eight combs structure with polysilicon and indium antimonide are shown in Table 5 .
The most well developed thermosetting polymers for structural use in micro systems are SU8 and indium antimonide both have excellent thermal and mechanical properties. Indium antimonide being a ductile material and having small elastic modulus which is 50 times smaller than Polysilicon it can tolerate large strains before fracture. For large displacement, low actuation voltage actuators polyimide is a useful material as it is light in weight, highly flexible, excellent thermal stability and resistant to heat and chemicals. Figure 4 represents different simulation result of the proposed MEMS structure with four combs and eight combs structure. It is seen in Figure 4 (b) and (d) that the surface potential is more at the moveable portion of the four comb structure.
Change of electromagnetic force and capacitance with input AC reference voltage is shown in Figure 5 (a) and (b). Higher capacitance is achieved after increasing the combs number. But the displacement performance not changed that much. Figure 6 (a) and (b) represents change of displacement with electric field for non-curved and curved structure. It is observed from the plot that in the second case, the values obtained for displacement (5.700252313 μm) and capacitance (1.76 nF) are much more than that of the first case (5.6170497 μm; 1.27 nF). The capacitance performances for curved and model are shown in Figure 7 . 
